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Abstract  
  Objectives: To evaluate the early outcomes after 
coronary surgery in the elderly. 
  Methods: A retrospective analysis (April 1995-
January 2012) of mortality, morbidity and hospital stay, 
derived from a single surgeon’s practice. Outcomes of 
patients over 70 (group A, n=785) were compared with 
those of controls under 70 (group B, n=2772).  
  Results: Intervention rate was significantly higher 
(1502/10
6
 vs 467/10
6
, p<0.0001). There were 
significantly fewer single and quintuple grafts, and 
significantly more double grafts in group A. The use of 
an internal thoracic artery (ITA) was lower in group A 
(748/785, 95.3% vs 2695/2772, 97.2%, p=0.006). 
Mortality for the entire coronary surgical practice was 
1.2%. The overall mortality was 2.7% in group A and 
0.8% in group B (p<0.0001). Freedom from any post-
operative complication occurred in 57.7% in group A 
and in 75.6% in group B (p<0.0001). Cardiac 
complications (except for perioperative MI and atrial 
flutter) were significantly higher in group A, as were 
major neurological, renal and respiratory 
complications, as well as minor wound complications.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All complications resulted in patient morbidity but 
cerebrovascular accident had the worst impact, 
contributing to perioperative death in 8 of the 18 cases 
in group A and in 4 of the 24 cases in group B 
(p=0.049). Average length of stay on intensive care 
was similar (1.19±1.84 days for group A and 
1.13±1.48 days for group B, p=0.38). The average 
HDU stay was longer in group A (1.43±2.70 vs 
0.95±3.68 days, p=0.006) as was the average ward stay 
(4.00±3.33 vs 3.25±2.23 days, p<0.0001). 
  Conclusions: Although mortality and morbidity 
remain significantly higher, taken in the context of the 
overall clinical problem, cardiac surgery has much to 
offer in this select group of patients. 
 
Keywords 
 Coronary surgery, elderly, outcome 
 
Introduction 
Life expectancy and the demand for a meaningful 
and satisfying quality of life are increasing steadily 
every year. At the millennium Maltese males could 
expect to reach the age of 75 and females that of 79 
years.
1
 Twelve years later these figures increased to 78 
and 82 years respectively.
2
 This, in large part, reflects 
a higher standard of living with its attendant improved 
health care facilities. The treatment of cardiovascular 
disease, one of the major contributors to premature 
death, plays a role in achieving this goal.
3
 Physicians’ 
and patients’ attitudes are evolving with the realisation 
that surgery can achieve a worthwhile improvement in 
longevity and quality of life with acceptable 
morbidity.
4
 Suffice it to say that 30 years ago patients 
over 65 were likely to be refused admission to an 
intensive care facility because of their age, and yet 
28% of local patients were over 70 at the time of their 
coronary bypass surgery in 2011.  
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Patients and methods 
A retrospective analysis of a single surgeon’s 
coronary patient population was undertaken, from the 
start of the local cardiac surgical service in Malta in 
April 1995 until January 2012 (n=3557). For the 
purposes of this study elderly patients were defined as 
those over 70 years old (group A, n=785) and their 
data and outcomes were compared with those of 
patients under the age of 70 (group B, n=2772).  
Patients were referred for surgery on the basis of the 
clinical picture and coronary angiography. The 
decision to operate was determined by the suitability 
for surgical correction, the symptomatic class as well 
as the possible prognostic benefit attributed to the 
procedure. Although projected increased longevity 
from surgery played a major role in group B, it has 
been increasingly applied to group A, particularly in 
the absence of serious co-morbid conditions. The 
possible risk/benefit assessment of surgery was openly 
discussed with the patient before a decision to proceed 
was taken. Risk stratification was calculated in all 
patients, using the Parsonnet score for the entire study 
period and the EuroSCORE for the years 2000-2011.  
Peri-operative death was defined as death within 
30 days of surgery or at any time during the 
postoperative in-hospital stay. Complications were 
classified according to system and further assigned to a 
major or minor category (Table 1).  
 
Table 1: Complications by system 
Complications were recorded by attending 
medical staff on a daily ward round and entered into 
the database when the patient was discharged from 
hospital. 
 
Clinical protocol 
Cardiac 
Drugs were not routinely used as prophylaxis for 
atrial fibrillation. All preoperative drugs were 
continued until surgery except Aspirin and Clopidogrel, 
which were stopped one week before when possible. 
The decision to use inotropic support was taken in the 
operating theatre on the basis of the preoperative 
ventriculogram and renal function, coupled with the 
prevailing haemodynamic status. The post-operative 
weaning of these drugs was also determined by the 
patient’s clinical status. Swan-Ganz catheters were 
used selectively to monitor continuous cardiac output 
and venous saturation, as well as other derived 
parameters. Intra-aortic balloon couterpulsation was 
employed when inotropic support coupled with 
appropriate preload and afterload manipulation were 
insufficient to achieve a stable haemodynamic 
situation. The diagnosis of peri-operative myocardial 
infarction was made on the basis of new Q waves on 
the 12 lead ECG coupled with the clinical picture. A 
permanent pacemaker was implanted for 2nd or 3rd 
degree heart block following a suitable period of 
observation. 
Neurological 
Cerebrovascular accident (CVA) with permanent 
sequelae as well as reversible ischaemic neurological 
deficit (RIND) lasting more than 24 hours were 
classified as major neurological complications. 
Transient ischaemic attack (TIA), with complete 
recovery within 24 hours, was classified as a minor 
complication but was investigated and treated 
appropriately. Post-operative confusional state and 
peripheral neuropathy were also included as minor 
neurological complications. Preoperative carotid 
Doppler study, followed by angiography where 
appropriate, was performed in the presence of a carotid 
bruit, history of CVA or TIA or the presence of 
peripheral vascular disease and concomitant carotid 
endarterectomy performed when indicated.  
Renal 
When renal impairment was present 
preoperatively every effort was made to achieve an 
optimal haemodynamic state in order to maintain 
adequate glomerular filtration rate. Temporary 
hyperkalaemia was treated with insulin/dextrose 
infusion and/or oral calcium resonium. Haemodialysis 
was instituted when these measures failed to maintain 
fluid, electrolyte and pH balance.  
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Gastrointestinal 
Ranitidine or omeprazole were used 
prophylactically when there was a clear history of 
peptic ulcer disease or gastritis documented by 
endoscopy. Aspirin was administered routinely, 
starting on the first post-operative day. 
Antibiotics 
Prophylactic antibiotics consisted of Cefuroxime 
750mg iv. at induction and 2 subsequent doses at 8 
hour intervals. Further antibiotics were administered 
according to the clinical picture and bacteriological 
results. 
Statistical analysis 
Statistical analysis was performed using Excel 
software (Microsoft, Redmond, USA, version 11.6.5 
2004). Pearson’s chi squared test and Fisher’s exact 
test were used to assess differences between categoric 
variables. Chi squared test with Yates correction was 
used to calculate significance of trends. Students t test 
was used to assess differences between populations. 
Differences were considered significant for p values 
less than 0.05.  
 
Results 
Age distribution 
The age distribution for both groups is illustrated 
(Figure 1).  
 
 
Figure 1: Age distribution 
 
The mean age of the total surgical population was 
61.9 years (61.0 in 1995, rising to 63.3 in 2011). The 
mean age±SD for group A was 73.5±3.21 and for 
group B was 58.6±7.21. The annual percentage of 
patients over 70 ranged from 15.6% to 31.3% (mean 
23.1%). The mean for the years 1995-2001 was 18.7% 
and the mean for 2002-2011 was 26.2% (Figure 2). 
 
 
Figure 2: Annual percentage of patients over 70 
 
Intervention rate 
The mean intervention rate up to 2001 (after 
which the service was increased to 3 consultants) was 
of 1502 per million per year in group A (population 
30,735 at end December 1999) and 467 per million per 
year in group B (population 349,466, p<0.0001).
1
 
Repeat operations were performed in 0.51% in group 
A and in 0.47% in group B (p=0.055).  
Risk stratification 
The mean Parsonnet risk stratification score was 
12.8 for group A and 4.4 for group B. This is in 
keeping with the increased incremental score attached 
to age exceeding 70, 75 and 80 years.
5
 The trends in 
Parsonnet score with time in Group A and B are 
presented in Figures 3 and 4. The mean EuroSCORE 
risk stratification score was 4.8 for group A and 1.9 for 
group B. The trends for EuroSCORE, for the years 
2000-2011, are presented in Figures 5 and 6. 
 
Grafting strategy 
Triple coronary artery bypass grafting was the 
commonest procedure (group A average 3.1 grafts per 
case, group B average 3.2). Figure 7 shows the graft 
distribution per case. There were significantly fewer 
single and quintuple grafts, and significantly more 
double grafts in group A. The use of an internal 
thoracic artery (ITA) was lower in group A (748/785, 
95.3%) than in group B (2695/2772, 97.2%, p=0.006). 
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Figure 3: Parsonnet trends group A 
 
 
 
 
 
 
Figure 4: Parsonnet trends group B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: EuroSCORE trends group A 
 
 
 
 
 
 
Figure 6: EuroSCORE trends group B 
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Figure 7: Percentage graft distribution 
 
Mortality 
Mortality for the entire coronary surgical practice 
was 1.2%. The overall mortality was 2.7% in group A 
and 0.8% in group B (p<0.0001). In 2006 and 2011 
there was no mortality. In 11 of the remaining 15 years 
mortality was higher for group A (Figure 8).  
 
 
Figure 8: Percentage annual mortality 
 
Morbidity 
Cardiac complications (except for perioperative 
MI and atrial flutter) were significantly higher in group 
A, as were major neurological, renal and respiratory 
complications and minor wound complications (Table 
1). These differences reached statistical significance in 
keeping with other studies.
 6-7
  
Freedom from any post-operative complication 
occurred in 57.7% in group A and in 75.6% in group B 
(p<0.0001). All complications resulted in patient 
morbidity but cerebrovascular accident had the worst 
impact in that it contributed to perioperative death in 8 
of the 18 cases in group A and in 4 of the 24 cases in 
group B (p=0.049). Other complications resolved with 
time and some patients required further treatment on 
an out-patient basis. No patient required long term 
dialysis.  
Ninety six percent of patients who developed new 
atrial fibrillation were cardioverted before discharge; 
the remaining few were anticoagulated for three 
months, within which time they were successfully 
cardioverted. The incidence of this post-operative 
complication was comparable to that in other units 
employing perioperative pharmacologic prophylaxis.
8-9
 
Patients requiring a permanent pacemaker observed 
the usual follow-up protocol. 
Gastrointestinal catastrophes secondary to 
ischaemic bowel and perforated diverticulitis were rare 
but uniformly fatal. Two cases of perforated duodenal 
ulcer underwent successful surgery. Gastroduodenal 
haemorrhage was commoner and was always treated 
conservatively. 
The requirement for ventilation beyond 24 hours 
because of poor respiratory function was rare but 
significantly greater in group A. 
Hospital stay 
Figure 9 shows the post-operative hospital stay on 
the intensive care unit (ITU), high dependency unit 
(HDU) and the cardiac surgical ward (CSW). Average 
length of stay on intensive care was similar (1.19±1.84 
days for group A and 1.13±1.48 days for group B, 
p=0.38).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Hospital length of stay 
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The average HDU stay was longer in group A 
(1.43±2.70 vs 0.95±3.68 days, p=0.006) as was the 
average CSW stay (4.00±3.33 vs 3.25±2.23 days, 
p<0.0001).  
The very elderly 
Figure 10 shows the trends in patients over 75 and 
over 80 in the female and male populations, expressed 
as a percentage of the total surgical populations for 
three consecutive 5 year periods (females in groups A 
and B, males in groups A and B). There was a 
significant increase in both female and male patients 
over 75 from the period 95-00 to 01-05 (p=0.0005 for 
females, p=0.00003 for males), and in male patients 
over 80 for the same period (p=0.006). Although the 
trend remained upwards in recent years, with 19% of 
females and 11.9% of males over 75, the rise did not 
reach statistical significance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: The very elderly cohorts 
 
Discussion 
The incidence of cardiovascular disease increases 
with advancing age and presents a continuing health 
care challenge in an aging population, such as ours. 
Finite health service provisions necessitate an 
allocation of resources to those patients who are more 
likely to benefit from treatment both on symptomatic 
and prophylactic grounds. Hospital stay reflected peri-
operative morbidity, the extent of the rehabilitation 
programme and an evolving health care mission for 
earlier discharge.  
Group A patients required an additional half day 
of high-dependency care and an additional 0.75 days 
on the cardiac surgical ward. This study demonstrates 
an intervention rate in the elderly 3.2 times that in 
younger patient with a demonstrable increase over the 
17 years. Coronary artery bypass grafting was as 
extensive and complete in the elderly. The 
significantly lesser utilisation of the internal thoracic 
artery was not based on age alone but on technical 
considerations at surgery, including more distal 
coronary disease as well as an unsuitable ITA because 
of intrinsic disease or small size when grafting the 
distal left anterior descending (LAD) coronary artery. 
Since bypass grafting has not been shown to influence 
the ten-year survival in the over 70’s 4 we have 
generally tended to offer surgery to those patients with 
significant symptoms not amenable to other treatment 
modalities. However, in a subgroup with significant 
left main stem or proximal LAD disease, surgery was 
considered the first line of treatment. We were also 
more likely to advocate medical therapy or angioplasty 
in preference to re-operation for recurrent coronary 
artery disease in this group because of increased 
mortality and reduced long-term survival.
 10
 The 
overall mortality was significantly higher in this group 
with multiple cardiovascular as well as co-morbid 
factors influencing this outcome. Our growing 
experience has resulted in an increased awareness of 
the expected complications and a more aggressive 
approach in managing them.
11
  
Both the Parsonnet and EuroSCORE risk 
stratification systems weight female gender with one 
unit, and this partially explains the higher scores in the 
vast majority of years. However, when one factors in 
further weighting due to advancing age, this gender 
difference assumed less prominence.  
Postoperative cardiac complications were higher 
in this group, necessitating more intensive treatment, a 
longer hospital stay with attendant costs, but rarely 
affecting the long-term outcome. Our policy of early 
intervention with pharmacological or electrical 
cardioversion for atrial fibrillation and flutter lessened 
the impact of this common complication on resource 
utilisation.  
In contrast, permanent neurological damage 
remains a major problem, with a 2.6-fold increased 
incidence in the elderly. As in other studies
12
 it was 
more likely to result in early postoperative death, and 
in the survivors rehabilitation was likely to be more 
prolonged and ultimately less effective. Our increased 
awareness of this clinical problem and its treatment 
with carotid endarterectomy at the time of cardiac 
surgery should improve patients’ outlook over the 
subsequent years but is unlikely to lower the 
immediate postoperative neurological complication 
rate.
13
 
 
Conclusion 
The demand for cardiac surgical intervention in 
the elderly is high and likely to increase if we are to 
7
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follow the trend in more developed nations. The 
switch from a health funded to a privately funded 
service may also impact on service provision. 
Although mortality and morbidity remain significantly 
higher, taken in the context of the overall clinical 
problem, cardiac surgery has much to offer in this 
select and growing population. 
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